A collection of 283 nocardioform bacteria was studied by means of 241 tests which included many biochemical, physiological and nutritional characters. The results were subjected to computer analysis in which two coefficients of association and two cluster-analysis techniques were used. Single linkage and average linkage cluster analysis gave almost identical results, but with the simple matching coefficient a few strains were grouped together on the basis of shared negative correlations. With the matching coefficient 15 clusters were formed whereas with the similarity coefficient there were 18. In each analysis the seven major clusters corresponded to (I) Nocardia asteroides, ( 2 ) Nocardia caviae, ( 3 ) Nocardia brasiliensis, (4) Actinomadura madurae, (5) Actinomadura pelletieri, (6) Oerskovia turbata, (7) the rhodochrous complex. The data revealed many new characters which could be weighted for identification. The clusters and subgroups were therefore readily distinguished from one another by several unrelated phenotypic characters.
I N T R O D U C T I O N
Bacteria which produce a mycelium that fragments into rods and cocci have been referred to by the term nocardioform (Prauser, 1967) . Many of these organisms are classified in the genus Nocardia, others as species of Mycobacterium. Nevertheless, great difficulty is found in characterizing nocardioform bacteria as so few good characters are available for identification. This paper presents detailed taxonomic information which shows that a large number of nocardioform organisms fall into only a few clusters, readily defined by several unrelated phenotypic characters. Some of the clusters appeared to warrant recognition as genera, others as species.
No taxonomist would consider the genus Nocardia to be well defined. The introduction to the genus in the 7th edition of Bergey's Manual of Determinative Bacteriology (1957) is long, imprecise and rests heavily on the assumption that nocardiae form a well-defined mycelium which, sooner or later, fragments completely. Bacteriologists and mycologists have assigned to Nocardia all kinds of bacteria which exhibit fragmenting mycelia, often without regard to other criteria. Fragmentation is not always easy to recognize and may often be a strain characteristic. It is not surprising, therefore, that the genus is heterogeneous and contains species which should be transferred to such established genera as Micromonospora, Mycobacterium and Streptomyces or be included in the recently proposed genera Actinomadura (Lechevalier & Lechevalier, I 970) and Oerskovia (Prauser, Lechevalier & Lechevalier, 1970) . It is clear that the genus requires drastic taxonomic revision and that future changes need to be based upon evidence more substantial than that used in the past.
Forty-four species of Nocardia are described in the last edition of Bergey 's Manual (1957) .
Many of the species are inadequately defined and differentiation is difficult if not impossible. In diagnostic keys a lot of weight is given to acid-fastness, to pigmentation and to morphological characters, properties considered to have a diagnostic value for the genera Mycobacterium and Streptomyces. With the nocardiae these characters have frequently been shown to be unsuitable, and reliance on them has tended to confuse rather than clarify the classification of the genus. Gordon (1966~) and Gordon & Mihm (1957 , 195ga, 1962a have developed a battery of tests tordefine and differentiate between the five well-known pathogenic species of Nocardia, and they reduced a number of nomenspecies to synonyms of these. The intraspecific variation patterns and the quantitative relationships between even these better-known species remain obscure. The variability that nocardiae show towards some of the biochemical and staining tests encouraged the application of other techniques in attempts to resolve the taxonomic difficulties. Representative strains have been used in phage-typing and serological studies (Prauser & Falta, 1968 ; Kwapinski, 1970) , in wall composition studies (Yamaguchi, 1965 ; , and in the study of whole organism lipid patterns (Mordarska & Mordarski, 1969; Lechevalier, Horan & Lechevalier, 1971) . The results of studies such as these have allowed the separation of nocardiae into broad groups of related strains but a reliable classification of the genus remains to be generally accepted. It was for this reason that an extensive comparative study of a large number of phenotypic characters of nocardiae and closely related organisms was undertaken.
In systematic studies it is important that sufficient strains of each taxon be taken to provide reasonable assurance that specific patterns of reactions will be detected. A list of all the legitimately described species of Nocardia was therefore compiled (Buchanan, Holt & Lessel, 1966) , and the test material included where possible the type strain of each species, and organisms thought to represent the range of variation shown within the species. It was not possible to obtain cultures of 13 of the species described in Bergey's Manual (1957) . In addition to the named strains, nocardiae isolated from soil, silage, sea and fresh water, and other nocardioform bacteria of uncertain taxonomic status were studied. Prominent amongst the latter were strains received as Mycobacterium rhodochrous (Gordon, I 966 b). Finally, marker strains representing genera taxonomically related to Nocardia were included for comparison.
In studies with diverse groups of bacteria there is the problem of the general relevance of characters. In this study, group formation was based upon as many good characters as it was practical to handle. It was hoped that the 241 characters chosen reflected the spectrum of an organism's potential phenotypic attributes. Several characters, notably some chemotaxonomic ones, known to have a diagnostic value were not studied because of the difficulty in collecting such data from a large number of bacteria. A few of the classical tests were included for continuity, and so were some of the characters found useful by Gordon (1967) . There was, however, no conscious bias in test selection. Many of the tests were applied to nocardioform bacteria for the first time or, if used previously, had only been studied with a few strains. In particular, the bacteria were screened to see if they could use a range of sole carbon sources for their growth and energy requirements. Like pseudomonads, nocardioform bacteria are thought to be nutritionally versatile and able to use a wide range of organic compounds for their energy requirements (McCIung, 1954; Clark & Hittle, 1962) . Recently Raymond, Jamison & Hudson (1967) observed that nocardiae can oxidize methyl-substituted mono and dicyclic aromatic hydrocarbons, and Jones & Edington (1968) isolated nocardiae from soil which were able to oxidize n-octane, n-dodecane and cyclohexane. The inclusion of such nutritional tests was considered to be justified because, as with the pseudomonads (Stanier, Palleroni & Doudoroff, 1966) , some of these characters may have an important diagnostic value.
All the characters studied were given equal weight and the strains were classified on the basis of general similarity. Since nocardioforni bacteria have not been subjected to an exhaustive systematic comparative study, there is no evidence on which to build a case for differential weighting. In a preliminary limited numerical taxonomic study I found that it was possible to detect clusters of nocardiae which could be defined by a few independent and highly correlated characters. During the course of this study other computer analyses based on Adansonian principles have been applied to the genus Nocardia with varying degrees of success (Cerbon, I 967 ; Tsukamura, I 969). An extended numerical taxonomic study in which the characters were given equal weight was therefore considered justified.
It was hoped that improved classification of the nocardioform bacteria would lead to the exclusion from the genus Nocardia of taxonomically unrelated forms and leave a hornogeneous taxon, readily differentiated from allied taxa. Another aim was to try and resolve the taxonomic status of the Mycobacterium rhodochrous complex which to date has proved resistant to taxonomic analyses. In addition, it might be possible to ascertain the range of variation within clusters and the quantitative relationships between them. In this way heterogeneous clusters would be spotlightedland provide the subject matter for further specialized studies. Finally, representatives could.-be chosen rationally to represent defined clusters for use in experiments too lengthy for routine work with many strains.
Strains

METHODS
Nearly all of the 283 organisms were received from public or private culture collections. They included the readily available type or neotype strains of the genus Nocardia. In addition to representatives of the better-known species, saprophytic strains of nocardiae isolated from a variety of habitats were studied. Details of the source, past histories,'culture collection numbers, etc., of all these strains are given in the results section (Tables 3 to 13). The nocardioform strains carried nine generic epithets. The Nocardia strains were received under 37 specific names. On arrival each strain was:given a serial number ( N I --f ~n ) , and the name under which it was received retained.
Initially all the organisms were examined for purity and for their ability to grow on yeast extract agar (YEA). This basal medium proved to be suitable and all strains were maintained on YEA slopes at room temperature, at 4' and at -20". For long-term storage the organisms were lyophilized.
Collection of data
For each strain 241 features were studied. All test media were inoculated from 14-day-old cultures grown at 30" on YEA or in yeast extract broth. Unless otherwise stated test media were incubated at 30" for 14 days. Tests were generally carried out once, but always repeated when inconclusive results were obtained. Many of the tests were performed in divided polystyrene Replidishes. Each dish is divided into 25 separate compartments and can be readily inoculated by means of a simple multipoint inoculator (Sneath & Stevens, 1967) . Tests which required prolonged incubation, or entailed production of gaseous or volatile compounds or the measurement of the zones of clearing of insoluble compounds were performed in tubes or Petri dishes. The 204 unit characters scored for computation are listed in Gordon & Horan (1968) . After six weeks' incubation a positive result was indicated by the appearance of benzoic acid crystals after an equal volume of 50% sulphuric acid had been added to the medium. Degradation of cellulose strips in YE broth was also observed after six weeks incubation. Tweens 20,40, 60 and 80 were incorporated into the medium recommended by Sierra (1957) and the media examined for the production of extracellular lipases. Opacity around the areas of growth due to the precipitation of calcium salts was recorded as a positive result. These tests and the detection of aesculin hydrolysis (Sneath, I 966) were carried out in Replidishes. Organic compounds as sole sources of carbon and energy for growth. Preliminary experiments were designed to find a suitable basal medium for these nutritional studies. Three
Replidishes of each of the eight basal media were prepared, one amended with I yo (w/v) glucose and a second with 0-1 yo (wfv) sodium citrate. The third dish was the control and contained no carbon source. The basal media tested were those of Pridham & Gottlieb (1948) Stevenson (1967) and Jones & Edington (I 968). The prepared dishes were inoculated with 25 randomly selected nocardioform organisms. Only two of the media consistently supported good growth of the test strains together with negligible background growth on control dishes. The basal medium of Stanier et al. (1966) was rejected in favour of that of Stevenson (1967) , which is much easier to prepare.
The selected basal medium contained 'Bacto Yeast Nitrogen Base w/o amino acids' (Difco Laboratories) to which Ionagar and 10.0 mg. Casamino acids/l. were added. Before this mixture was dispensed 800 ml. amounts were neutralized with 200 ml. sterile I : / o (w/v) K,HPO,. Most of the organic salts were sterilized separately by autoclaving and added to the basal medium at the appropriate concentration. If the thermostability of a compound was in doubt, sterilization was by filtration. The sugars and sugar alcohols were sterilized as before.
The inoculated Replidishes were scored visually after 7 and 14 days. There were two control plates; one contained the basal medium without any carbon source, the second basal medium plus 0-1 % (w/v) glucose, A positive result was registered if growth in the test dish was greater than in the control dish without the carbon source, and negative where growth was equal to or less than that on the control plate. Spurious negative results were spotted when test plates were compared with control plates containing glucose. Inconclusive results were rare, provisionally scored 5 , and repeated. For the first 40 tests duplicate dishes were prepared but the results were in such good agreement that this practice was discontinued.
The concentration of the different carbon sources in the basal medium varied. The final concentration was intended to be sufficient to avoid substrate exhaustion but not enough to inhibit the growth of any of the strains. The 102 high-purity compounds listed below were examined as sources of carbon and energy for growth. Organic compounds as sole sources of carbon and nitrogen for growth. The three compounds tested -acetamide, serine and trimethyldiamine -were added to the basal medium described by Tsukamura (I 966) .
Tolerance to chemical inhibitors, temperature and pH. In all these tests the basal medium was YEA. For the inhibition tests various concentrations of sodium azide, sodium chloride, bismuth citrate, crystal violet, phenol, potassium tellurite, phenyl ethanol, Teepol, tetrazolium and thallous acetate were added to the basal medium. The ability of strains to grow at I O ' , 35O, 40°, 45" and 50°, and in media of pH 4 to pH 10, was examined. All these tests were carried out in Replidishes. After 14 days' incubation tests were scored as positive or negative, depending upon the presence of absence of growth. The sensitivity of strains to 5 i.u. of penicillin was examined with antibiotic discs. This test was carried out in plates and read after 7 days.
Biochemical tests. Catalase, oxidase (Steel, I 96 I) and cytochrome oxidase (Deibel & Evans, 1960) production was examined on I-to 5-day YEA cultures. The-medium described by Tacquet (1962) was used to detect the formation of m-nitrophenoloxidase and pnitrophenoloxidase. Allantoinase, nitratase and urease activity were detected by means of the media and methods of Gordon (1967) , the results being recorded weekly for 4 weeks. Resistance to lysozyme was determined according to the method described by Gordon (I 966 a).
Coding of features for computation
Most features existed in one of two mutually exclusive states, and were scored for computation by recording positive reactions as I and negative as 0. Pigmentation and colonial characters were divided into 2 to 5 mutually exclusive states; organisms were coded I for the particular character state they exhibited and o for the others. The additive method of Sokal & Sneath (1963) was used to code multistate quantitative characters, tolerance to chemical inhibitors, pH and temperature, some of the hydrolysis tests and for the benzidine test. Inapplicable characters, such as the detection of pleomorphism in strains with a permanent mycelium, were designated I 0, (non comparable) and ignored in calculating similarity coefficients. Thirty-seven characters gave either all positive or all negative results and as they had no discriminating value they were not included for computation ( Table 2 ) . Each strain was therefore tested for 204 unit characters (Table I ). All the results were entered onto standard IBM punch cards. 
Computation
Because of the large amount of data, computation was carried out in two stages. In the first analysis the pathogenic strains, Nocardia asteroides, N . brasiliensis, N . caviae, N . madurae and N . pelletieri, were considered, and in the second the soft-growing nocardioform organisms. The overall similarity between strains was calculated in two ways -by the method devised by Sneath (1957) in which negative similarities are excluded, and by the method of Sokal & Michener (1958) in which negative similarities are included. Thus, where S is the similarity coefficient (usually expressed as a percentage), nsp and ns, the number of positive and negative similarities respectively, and nd the number of non-matching characters, then according to Sneath; and according to Sokal and Michener, 
The organisms in each of the four unsorted similarity matrices so obtained were then rearranged into significant groups. Cluster analysis was carried out using two techniques : the single linkage method (Sneath, I 957) and the unweighted average linkage method (Sokal & Michener, 1958) . All the calculations were carried out on an Elliot computer at Leicester University .
R E S U L T S A N D D I S C U S S I O N
Formation of clusters
Eighty-five per cent of 239 test strains could be assigned to one of I 5 clusters. The quantitative taxonomic relationships within and between the clusters are graphically illustrated in the sorted similarity matrices (Fig. I , 2) . Dendrograms derived from the matrices, and based on unweighted average linkage cluster analysis, are shown in Fig. 3 to 6 . Nine major and six small minor clusters could be recognized at the 80% Similarity Level (S-level). For the sake of clarity, and where it was possible, the clusters were given the name most frequently carried by isolates within a cluster. Seven of the major clusters could thus be roughly equated with the species : Nocardia asteroides, N. caviae, N. brasiliensis, N. madurae, N . pelletieri, N. turbata and Mycobacterium rhodochrous. There were too few strains in the minor clusters for them to be designated in this way.
Cluster I . The Nocardia asteroides cluster. Taxonomically this was one of the more complex clusters where the 42 strains fell into one of the five subgroups (Table 3 ). The subgroups were defined at the 85% S-level or above. Over half the organisms were received as N. asteroides, and the others carried specific epithets often considered to be synonyms of this species. Subgroups I A, I B and I C contain strains which shared a high overall similarity. The most homogeneous subgroup comprises the six strains of N. farcinica which coalesced above the 90 yo S-level. Included in subgroup I C is strain N 34 (ATCC 33 I 8), the type species of the genus. Gordon & Mihm (1957) considered that the names N. asteroides and N. farcinica referred to a single group, and proposed that the type species N . farcinica be accepted as a synonym of N . asteroides. In contrast Tsukamura (1969) found two major clusters of N . asteroides and redesignated the one which contained the type species N . farcinica. The strains N . asteroides (~7 6 and N 79) and N . blackwellii ( N 122) were included by Tsukamura in the cluster N. farcinica. In the present study subgroup I C contains the type species, is distinct from the other subgroups, but includes none of the other common strains found in Tsukamura's N. farcinica cluster. Nocardia asteroides (~7 6 ) is in subgroup I E, the remaining two strains in subgroup I A. Again two strains of N. asteroides (N 131 and N 140) are found in subgroups I A and I B respectively. Tsukamura (1969) allotted them to a single cluster, N . asteroides group Kyoto-11. He also placed in this cluster N . corallina (~8 4 ) , which was found by me to be a typical strain of Mjjcobacterium rhodochrous.
Subgroups I D and I E are small and relatively heterogeneous. All the Nocardia parafinae strains fell into subgroup I D , which also contains the suggested working-type strain of N. asteroides, ~3 1 7 (Sneath & Skerman, 1966) . Subgroup I E is only marginally included in cluster I .
Cluster 2. The Nocardia cariae cluster. Ten strains fell into one or other of the two subgroups (Table 4) . Each subgroup is homogeneous and defined at or around the 9031, S-level.
Ciuster 3. This cluster contains eight strains (Table 5) , is diffuse and, as it stands, of little taxonomic value. A high phenetic similarity is shared, however, by the two strains of Nocardia rhodnii and also by N. convoluta ( N 9 5 ) and N . pasteuroides. These two minor subgroupings may form nuclei around which additional strains may cluster.
Cluster 5. The Nocardia brasiliensis cluster. Ten strains joined above the 8 5 0 0 S-level to form a tight homogeneous group (Table 6 ). This cluster contains the working-type strain of Cluster 10. The Nocardia turbata cluster. The strains in this cluster fell into two distinct and contrasting subgroups ( Table 9 ). The four N. turbata strains unite above the 95 % S-level to form a tight centre to subgroup IOA. The type strain of N. cellulans is found at the periphery of this subgroup. Two strains of N . marina and the type strain of N. calcarea form the second fragmented subgroup. Cluster 14. The Mycobacteriurn rhodochrous cluster. The 104 organisms in this cluster are assigned to subgroups (Table 10) .
Homogeneous subgroups. Four of the subgroups contain strains which share a relatively high overall similarity. Subgroup 14A is formed by NocardiapeZlegrino strains fused together above the 95 yo S-level. Two strains of Mycobacterium rhodochrous uniting just below the 90 yo S-level make the second subgroup. Strains bearing this name are also found in three of the other subgroups. Subgroup 14C contains 19 strains linked above the 90% S-level. It contains eight M. rhodochrous strains and organisms carrying seven specific epithets attached to either Nocardia or Proactinomyces. Twenty-four strains are assigned to the largest subgroup, 14D, also delineated above the 90% S-level. Almost half were received as M . rhodochrous, the additional ones as eight species attributed to the genus Jensenia, Nocardia or Proactinomyces. Clusters 4, 6, 9, 11, 12 and 13. The minor clusters. Thirteen strains fall into one or other of the six minor clusters (Table 12) . Little can be said about clusters which contain so few strains. They are, however, clearly separated from one another and from the established major clusters. The strains found in these clusters may therefore be foci around which future distinct clusters may form. Additional strains of Nocardia coeliaca, N . dassonvillei, N . gardneri, N. iyaccinii and Streptomyces sornaliensis will be studied when available.
The ungrouped strains. The 44 strains listed in Table 13 cannot be placed into clusters defined at the 800/, S-level. They include the type strains of Nocardia hydrocarboxydans, N . italica, N . lurida, N . petroleophila, N . piedadensis and N . saturnea, as well as strains named N . alba, N. apis, N. asteroides, N.Javescens, N. rugosa and N. tenuis. Some of these strains were undoubtably misidentified. Most of the marker strains of the genera Arthrobacter, Cellulonronas and Mycobacterium are also unplaced.
Comparison of data using different similarity coeficients and cluster-analysis techniques
The similarity coefficients considered so far included negative matches, and clustering was based on the unweighted average linkage cluster-analysis technique. Many of the strairx, particularly Nocardia asteroides, N . madurae and N. pelletieri, gave negative responses to many of the tests. There is a danger that when similarity coefficients are based upon the matching coefficient, strains may be clustered together on negative correlations. The data were therefore re-examined and only positive matches scored. The data obtained from each of the two coefficients of association were analysed by single and unweighted average linkage cluster analysis. The matrices and dendrograms produced are large and too complicated to present here. They are available for consultation from the author.
It was found that both of the cluster-analysis techniques gave very similar results. When only positive matches were counted, however, I 8 clusters were formed. They are delineated at the 75q4, S-level. The discrepancies between the results can be explained.
I n the analysis using only positive matches, cluster 3 is not recovered. The two strains of Nocardia rhodnii, and the strain of N. convoluta and N . pasteuroides, respectively form two distinct minor clusters. The other strains which were included in cluster 3 are now unplaced. Subgroup 8A, which contained N . pelletieri strains, and subgroup 8B, composed of Dermatophilus and Geodermatophilus, are also recovered as distinct clusters in the second analysis. In the same way the subgroups of cluster 10 are recovered as two separate clusters. Finally several of the strains originally allocated to cluster I 5 are unplaced. It would appear that, as anticipated, some of the high overall similarities found within clusters in the first analysis are based upon negative correlations. The original clusters 3 and 15 are not taxonomically valuable and will not be considered further. In contrast subgroup 8A, containing N. pelletieri, and subgroup IOA, composed of N . turbata and N . cellulans, will be treated as major clusters. The two smaller subgroups, containing N . marina and Dermatophilus congolensis strains respectively, will be considered as minor clusters.
Most of the remaining subgroups defined by the matching coefficient were recovered 
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when only positive matches were scored. They include the subgroups of cluster 2 , as well as four of the five subgroups of the Nocardia asteroides cluster. The single exception, subgroup ID, is placed at the periphery of subgroup I A in the second analysis. With cluster 14 subgroups 14E and 14F, known to be diffuse, are not recovered in their entirety. Most of these subgroups are, therefore, taxonomically significant. This is not so with the subgroups of cluster 7. In the second analysis well-defined subgroups of N . madurae strains are not found.
Description of clusters obtained by using only positive matches.
In the extensive phenotypic characterization of strains several characters were found to have a descriptive or discriminatory value. This was readily apparent when the frequency of each test which was positive in each of the clusters had been calculated (Table 14) . Some features were common to almost all of the clustered strains. They were all aerobic, Grampositive, formed a primary mycelium, grew on YEA at 25O to 40°, at reactions ranging from pH 6 to pH 8, and they were not inhibited by 0-OOOOOI yo (w/v) crystal violet, 0.001 yo (w/v) sodium azide, 3 %(w/v) sodium chloride, 0.001 yo (w/v) potassium tellurite, 0.001 yo (v/v) Teepol or 0.1 yo (w/v) tetrazolium. Strains were benzidine-and catalase-positive, reduced nitrate, produced acid from glucose but not from dulcitol, inulin, melezitose or raffinose, and used sodium acetate, butyrate, propionate and paraffin as a sole source of carbon and energy.
Cluster I . These strains formed a mycelium which fragmented into rods and cocci, produced a stroma which was usually pink or orange and carried at least a trace of white aerial hyphae. Most of the strains showed some degree of acid-fastness, nearly half produced a melanin-like pigment, and nearly all had irregular colonies with filamentous margins. They degraded urea and allantoin, were resistant to lysozyme, to 504 (w/v) sodium chloride, and to the lower concentrations of the other inhibitors used. They hydrolysed aesculin and Tweens 20, 40 and 60, and produced acid from D-fructose, mannose, arbutin, dextrin and glycerol though generally their fermentative activity was limited. The screening of carbon and energy sources revealed unrecognized nutritional characters. For instance, most strains were able to grow well on sebacic acid and testosterone, and more than half on adipic acid, as well as on sodium-H-malate, pyruvate and succinate. Alternatively, the strains were unable to use amino or aromatic acids, phenol or phenolic derivatives as sole carbon sources.
Cluster 2 . All strains in this cluster formed a mycelium which fragmented, were acid-fast, produced a brown exopigment and formed aerial hyphae which only rarely covered the creamylwhite stroma. The colonies were irregular and margins filamentous. Aesculin, guanine, hypoxanthine, xanthine and most of the Tweens were hydrolysed and acid formed from D-fructose, mannose, arbutin, glycerol, mannitol and inositol. The strains grew in the presence of 7 yo (w/v) sodium chloride, 0.01 yo (w/v) bismuth citrate and 0.05 yo (w/v) potassium tellurite. The spectrum of activity towards the biochemical and nutritional tests mirrored that shown by Nocardia asteroides strains.
Cluster 5. Nocardia bradiemis strains formed a mycelium which fragmented into rods and cocci, produced a brown exopigment, were strongly acid-fast and produced aerial hyphae which frequently covered the orange/brown stroma in a white down. They were fermentatively active and acid was produced from D-arabinose, D-galactose, D-fructose, mannose, trehalose, arbutin, glycerol, mannitol and inositol. Exocellular proteases degraded casein, gelatin and keratin ; aesculin, deoxyribonucleic acid, guanine, hypoxanthine and tyrosine were also readily degraded. Strains in this cluster had similar biochemical and nutritional properties to N. asteroides and N . cmiae, but unlike them utilized sodium gluconate, Lproline and L-tyrosine as sole sources of carbon and energy.
Cluster 7. The strains in this cluster were not acid-fast, grew slowly producing a mycelium which generally did not fragment, nearly half formed a brown exopigment, but only a few formed aerial hyphae, and even then only feebly. The colonies were white/cream and the margins deeply filamentous. The Nocardia madurae strains formed acid from D-xylose, L-rhamnose, D-galactose, maltose, trehalose, arbutin, mannitol and less readily from adonitol and mannose. Casein, gelatin, keratin, aesculin, hypoxanthine, tyrosine and Tweens 20,40 and 60 were readily degraded; adenine, guanine and deoxyribonucleic acid less so. Urea was also broken down but the strains showed no distinctive biochemical or nutritional properties.
Cluster 8 A . The Nocardiapelletieri strains were slow growers, difficult to cultivate, formed a permanent mycelium and occasionally a characteristic red exopigment. Aerial hyphae were only feebly produced, and under strongly aerobic conditions a reddish, frequently deep red, stroma, though white mutants were not uncommon. Acid was produced from trehalose but from few other sugars, and casein, gelatin, keratin, deoxyribonucleic acid, hypoxanthine, tyrosine and chitin were degraded. The organisms grew on a range of carbon sources which included sebacic acid, sodium-H-malate, pyruvate, gluconate, citrate and L-proline but were inhibited by lysozyme and low concentrations of bismuth citrate, thallous acetate, tetrazolium and penicillin.
Cluster I o A . The Nocardia turbata strains were non-acid fast and formed a primary mycelium which fragmented into flagellated motile rods. The colonies were smooth, yellow, convex and had deeply filamentous margins. They were very active fermentatively, produced acid from glucose anaerobically and from most of the sugars and sugar alcohols examined, including cellobiose, sucrose, glycogen and amygdalin. Aesculin, casein, gelatin, keratin, chitin, deoxyribonucleic acid and Tweens 20, 40 and 60 were degraded and urea and allantoin broken down. The carbon utilization pattern was limited though growth occurred on sodium lactate and gluconate, and readily in media containing 7 yo (wlv) sodium chloride, 0.4 "/b (vlv) phenyl ethanol, 0-1 yo (wlv) phenol and 0.01 % (w/v) bismuth citrate.
Cluster 14. Most of the strains in this large cluster formed a primary mycelium which soon fragmented into rods and cocci; aerial hyphae when produced were short and sparse. A few strains were weakly acid-fast, and most colonies were pink, orange or red, though this property was not stable. Acid was readily produced from maltose, D-fructose, mannose and glycerol and less so from sucrose, trehalose, arbutin and sorbitol. Most strains degraded Tweens 20,40 and 60 and approximately half adenine, deoxyribonucleic acid, tyrosine, urea and allantoin. Sodium-D-tartrate and pyruvate were utilized by most of the organisms though a wide range of carbon sources were used by the cluster as a whole. The Mycobacteriurn rhodochrous strains were sensitive to lysozyme and penicillin but grew in the presence of 5 % (w/v) sodium chloride, 0.01 % (w/v) sodium azide, 0.4 % (v/v) phenyl ethanol and 0-01 0/6 (w/v) potassium tellurite.
The minor clusters. Unfortunately these clusters were represented by only two or three strains so that the weight which can be attached to character attributes they show is uncertain. Nevertheless the characters which might be important in describing these groups will be mentioned. The Nocardia gardneri strains of cluster 4 shared a relatively high general similarity with N . asteroides and this was reflected in their properties. They were acid-fast, formed a mycelium which fragmented, produced a brown exopigment and a moderate amount of white aerial hyphae. They formed acid from D-fructose, mannose, sucrose, maltose, arbutin, glycerol, sorbitol and dextrin and degraded Tweens 20, 40 and 60, and urea and allantoin.
They grew in media which contained 3 yo (w/v) sodium chloride, o m I Yo (w/v) phenol and the lower concentration of the other inhibitors, and utilized sodium acetate, citrate, butyrate, succinate, adipic and sebacic acids as sole carbon sources.
The Nocardia formica strains of cluster 6 formed a mycelium which fragmented, a brown exopigment, a moderate amount of aerial hyphae; they were not acid-fast but were active fermentatively and biochemically. Nitrate, allantoin and urea were decomposed, and acid formed from D-fructose, D-galactose, lactose, ma1 tose, trehalose, glycogen and inositol. Adenine, casein, gelatin, keratin, deoxyrj bonucleic acid, guanine, hypoxanthine and Tweens 20, 40 and 60 were degraded, and the compounds listed for cluster 4 utilized as sole carbon sources.
The two Streptomyces somaliensis strains in cluster 9 had a permanent mycelium, were non-acid-fast and produced abundant white aerial hyphae some of which carried long chains of spores. Acid was produced from mannose, maltose and dextrin, and Tweens 20,40 and 60, casein, gelatin, keratin and deoxyribonucleic acid were degraded. The organisms were sensitive to bismuth citrate, penicillin and lysozyme, and utilized sodium acetate, citrate, propionate, L-tyrosine and paraffin as sole sources of carbon.
Cluster I I contains the Nocardia vaccinii strains, which were acid-fast, formed a mycelium which fragmented, produced an exopigment, and a red stroma covered with white aerial hyphae. Acid was produced from L-arabinose, D-xylose, L-rhamnose, D-fructose, D-galactose, mannose, cellobiose, sucrose, trehalose, glycerol and mannitol. Cellulose, chitin, deoxyribonucleic acid, urea and Tweens 20, 40 and 60 were degraded. These strains were sensitive to penicillin, resistant to lysozyme and used sodium lactate, H-malate, malonate and octoate, as well as more commonly used carbon compounds.
The Nocardia coeliaca strains of cluster 12 were acid-fast, produced a mycelium which fragmented, abundant aerial hyphae and a brown diffusible exopigment. They formed acid from maltose, melezitose, salicin and ethanol as well as from all the sugars attacked by N . vaccinii. Adenine, gelatin, casein, guanine, hypoxanthine, tyrosine and xanthine were degraded. The strains broke down urea and allantoin, were not inhibited by lysozyme or penicillin, and utilized as sole carbon sources all the compounds used by N . asteroides and N. vaccinii.
The three Nocardia dassonvillei strains in cluster I 3 were not acid-fast, formed a mycelium which fragmented into rods and cocci, produced an exopigment and abundant aerial hyphae some of which segmented into chains of spores. Acid was formed from L-arabinose, Dxylose, L-rhamnose, D-fructose, D-galactose, mannose, cellobiose, sucrose, maltose, glycogen, arbutin, glycerol and rnannitol. All the organic compounds were hydrolysed with the exception of cellulose, chitin, Tween 80 and xylan. The organisms were sensitive to lysozyme and penicillin, and utilized a wide range of carbon sources as sole source of carbon, including sodium lactate and tartrate.
The four remaining minor clusters are those which were defined in the second computer analysis when positive matches alone were considered. One of them contains the Dermatophilus strains, which were unreactive to most of the tests but were recognized by the way in which the hyphae liberated motile coccoid elements. They degraded casein, gelatin. keratin, urea and allantoin.
The Nocardia marina strains were nonacid-fast, formed a mycelium which fragmented and produced yellow convex colonies with entire margins. Acid was produced from D-fructose, mannose, sucrose, maltose, trehalose, glycogen, mannitol and sorbitol, and adenine, cellulose, chitin, gelatin, keratin and Tweens 2 0 , 40 and 60 degraded. They reduced nitrate, produced urease and allantoinase, grew on sodium acetate, propionate and lactate, and in the presence of 1 0 % (w/v) sodium chloride but were sensitive to penicillin and lysozyme.
The Nocardia rhodnii strains had many characters in common with N. asteroides. They were nonacid-fast, had a mycelium which fragmented and formed an orange stroma which 
N. turbata
showed no trace of aerial hyphae. They produced acid from D-fructose, mannose, sucrose, maltose, trehalose, mannitol, sorbitol and ethanol, reduced nitrate, and degraded allantoin, urea and Tweens 20, 40, 60 and 80. They used sodium acetate, n-butyrate, propionate, noctoate, H-malate, tartrate, adipic and sebacic acid as sole sources of carbon and energy but were inhibited by penicillin and lysozyme. The final minor cluster contains Nocardia pasteuroides and N. convoluta (N95). These strains formed a mycelium which fragmented, and an orange stroma covered with white aerial hyphae. They formed acid from D-fructose, D-galactose, mannose, glycerol and mannitol, reduced nitrate and degraded Tweens 20, 40 and 60. The strains were resistant to lysozyme and penicillin and used sodium acetate, n-butyrate, propionate, succinate, pimelic acid, testosterone and m-hydroxybenzoic acid as sole sources of carbon and energy.
Iden tijica t ion of major clusters.
Characters considered to have a presumptive diagnostic value were extracted from Table 14 .
Some clusters encompassed a wide range of variation so it is not surprising that few unit characters were cluster-specific. Nevertheless there is sufficient consistency within clusters and differences between them for some characters to be weighted for identification. In selecting the distinguishing characters those which were 80% or more positive within a cluster were designated + , those 20 yo negative or below -, and those with values ranging between 2 1 yo and 79 yo were scored d for doubtful. The 64 phenotypic characters most useful for differentiating between clusters are shown in Table 15 . It can be seen that some of the tests used for the first time are found to strengthen differentiation between clusters. These include the chitin, deoxyribonucleic acid, guanine and keratin hydrolysis tests, and such nutritional characters as the use of sebacic acid and testosterone as sole sources of carbon and energy. Growth on sugar and sugar alcohols as sole carbon sources were not considered for inclusion in Table 15 because the results of these tests were almost the same as those of the fermentation studies where the same carbohydrates were used.
By using the diagnostic characters all the isolates can be placed in the correct cluster. For Numerical taxonomy of some nocardioform bacteria 
No. of strains tested ... Glucose, fermentative  34  Mannose  35  Cellobiose  36  Lactose  37  Sucrose  38  Maltose  39  Trehalose  40  Melezitose  41  Raffinose  42  Glycogen  43  Inulin  44  Amygdalin  45  Arbutin  46  Salicin  47  Adonitol  48  Dulcitol  49  Glycerol  50 Mannitol 45" 40"
35"
I 0"
Growth at: instance, strains of Nocardia asteroides and N. brasiliensis are separated by 17 unit characters. In the past N . madurae and N. pelletieri strains have been difficult to distinguish, especially if the N. pelletieri strains had lost their red pigment. In Table 15 these taxa are separated by 12 species specific characters. Except with highly atypical or intermediate strains it is neither practical nor necessary to carry out so many tests to achieve accurate identification. A practical diagnostic table was prepared which contained only I I characters (Table 16 ). These tests were selected because they gave conclusive results, were easy and quick to perform, and could be carried out even in laboratories with limited resources and equipment. These characters will usually be sufficient for the correct identification of nocardioform organisms which belong to one of the clusters. When necessary the identification of difficult strains can be strengthened by drawing upon additional characters from Table I 5.
Identification of subgroup5
The percentage frequency with which each character was positive in the subgroups of clusters I and 2, Nocardia asteroides and N. caviae respectively, is shown in Table 17 . Although the strains in cluster I shared a large number of the properties, particularly negative ones, there were characters which could be used to differentiate the subgroups (Table 18 ). It is notable that the N. farcinica strains could be distinguished from the other subgroups not only by the characters shown in Table 17 but also by their slow growth rate and intense acid-fastness. The distribution of characters to the subgroups of the largest cluster, the Mycobacterium rhodochrous cluster, is shown in Table 19 . The characters which have a presumptive diagnostic value for differentiating the subgroups are shown in Table 20 . Several of these characters were used to construct a practical diagnostic table which can be used for identification of M. rhodochrous strains (Table 21) . Numerical taxonomy of some nocardioform bacteria The test strains were recovered in a few defined clusters. Jones & Bradley (1964) and Cerbbn (1967) in their numerical taxonomic studies did not obtain well-defined groups, although this was probably due to inadequate strain selection. Tsukamura (1969) examined more strains, which clustered well, but many of the unit characters he used were ineffective for differentiating nocardiae, and recent studies by P. V. Kurup & J. A. Schmitt (personal 
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historical legacies based upon a few strains which were inadequately characterized. The strainsin the N. asteroides cluster exhibited acommon set of characters but also showed a high degree of variability under the test conditions. Nocardia asteroides was also found to be heterogeneous in work based upon morphological and biochemical criteria (Georg, West Africa are different from other strains bearing this name. If so it is puzzling that strain ATCC 33 I 8, allegedly Nocard's original isolate, shares such a high general similarity with the slow growing N. farcinica strains from West Africa. It may be that in this case cluster formation has been influenced by factors such as growth rate. Recently Sneath (I 968) has described a method ofcalculatingpheneticsimilarities which takes into account differences which can be explained by factors such as the unequal growth rates of strains. This programme will be applied to the test data and the results will show whether cluster formation in subgroup I C has been affected by growth rate. The Nocardia caviae and N. brasiliensis strains fell into tight clusters, a result which is in good agreement with those of Tsukamura (1969) . The distinction between each of these species, and between them and N. asteroides, is maintained. Additional work is required to see whether N. unformis should be considered as a synonym of N. caviae or whether it forms a distinct group lying between N . caviae and N. asteroides. The N. asteroides, N. caviae and N. brasiliensis clusters unite to form an aggregate group, sharply differentiated from the other major clusters at the 75 yo S-level. These three species, therefore, share a high phenetic similarity, have a wall composition of type IV (Lechevalier, Lechevalier & Becker, 1966) , contain a characteristic lipid (Mordarska & Mordarski, 1969) and have strong serological affinities (Kwapinski, 1970) . The three clusters form the core of the genus Nocardia, and N. caviae and N. brasiliensis can be considered to be taxospecies.
The Nocardia madurae and N. pelletieri strains are found in two major clusters which join the nocardia clusters only at a low level of similarity. These species have been transferred to the genus Streptomyces (Mackinnon & Artagaveytia-Allende, 1956; Mariat, 1958 Mariat, , 1962 but Gordon (1966a) retained them as Nocardia. Nocardia pelletieri and N . madurae strains can be separated from N . asteroides, N . caviae and N. brasiliensis on the phenetic evidence, serologically (Kwapinski, 1970) , and they have a wall composition of type 111 (Lechevalier et al. 1966 ) They share a low phenetic similarity with Streptomyces spp. which have a wall composition of type I (Lechevalier et al. 1966) . The results of the numerical taxonomic study therefore lend strong support to the proposal that N . madurae and N. pelletieri be placed in the new genus Actinomadura . This genus was defined exclusively on morphological and chemotaxonomic evidence and many of these characters are difficult to detect. In the present work it was possible to distinguish the N. madurae and N. pelletieri clusters from one another, and from the other nocardioform clusters by a battery of repeatable characters which were easy to observe.
The phenetic similarity between Actinomadura madurae and A. pelletieri is not high. Since A . pelletieri strains grew very slowly the low similarity may be a function of growth rates and not be due to a large difference in the properties of the two species. The application of the vigour and pattern programme (Sneath, 1968) will show whether this is so. It is interesting to find that the A . madurae cluster is heterogeneous. Further taxonomic work is needed on A. madurae strains ; perhaps strains fromdifferent habitats fall into distinct groups. included Nocardia dassonvillei in the genus Actinomadura. This proposal cannot be strongly supported by the present results because the N . dassonvillei cluster is sharply separated from all the other clusters although it is true that the highest similarity shown by the N . dassonvillei strains is with A . madurae strains.
The Nocardia turbata strains share a high phenetic similarity and are quite distinct from the other clusters. Sukapure et al. (1970) found that turbata strains did not fit into any previously described genera. Their inclusion in the new genus Oerskovia (Prauser et al. 1970) is strongly supported.
In my preliminary studies Mycobacterium rhodochrous strains formed a distinct cluster readily delineated from other clusters containing nocardioform bacteria. The M. rhodochrous cluster is recovered in this enlarged study and contains strains carrying over 30 specific names. Gordon & Mihm (1959b , 1961 and Gordon (19663) also found that the alleged differences between species of ' soft' growing nocardioform strains were tenuous and reduced many of the names to synonyms of M. rhodochrous. Additional species continue to be identi-fiable with M . rhodochrous (Mitchell & Shewan, 1968) and Nocardia pellegrino can now be added to them. Castelnuova, Bellezza, Duncan & Asselineau (1964) and Juhasz & Bonicke (I 965) also placed N. pellegrino strains into the same group as Nocardia corallina, N. rubra and certain M. rhodochrous strains. TheM. rhodochrouscluster is heterogeneous and can be divided into subgroups which can be defined and identified by a group of characters. There is no reliable way of equating clusters or subgroups with orthodox taxonomic ranks. Numerical taxonomists generally adjust the level of similarity to meet their own concept of species. Further work is required to find out whether the homogeneous subgroups -14A which contains N. pellegrino, 14C which includes N. corrallina, N. rubra and N. salmonicolor, 14D which includes N. erythropolis, N. rubropertincta and Jensenia canicruria, and 14 F which contains arthrobacter and corynebacteria strains -can be equated with taxospecies or biotypes. In this context it is interesting that Adams, Adams & Brownell (1970) considered J. canicruria to be a synonym of N. erythropolis but different from M . rhodochrous strains.
Although the Mycobacterium rhodochrous group constitutes a recognizable taxonomic entity its generic location is still unsettled. Mycobacterium rhodochrous strains show a closer phenetic relationship with Nocardia asteroides, N . caviae and N . brasiliensis than with strains of Runyon's group IV mycobacteria. Recently have found that M . rhodochrous strains contain nocardomycolic acids but the fast growing mycobacteria show the presence of mycolic acids. It would appear that the M . rhodochrous group shows a greater taxonomic affinity to Norcardia than to Mycobacterium and could be provisionally placed in the genus Nocardia. Further work is needed to see if the rhodochrovs group deserves recognition as a genus, and to establish the relationship of the taxon with diphtheroid bacteria, particularly arthrobacter.
The taxonomic status of the minor clusters and of the unclustered strains is not clear. Some of these bacteria may be nuclei around which future species of Nocardia will cluster, others are strains which are misplaced in the genus. The former include the minor clusters containing Nocardia gardneri and N. vaccinii, and the strains of N. hydrocarboxydans, N. narashinoensis and N. petroleophila. Alternatively the N. formica, N. italica and S. somaliensis strains are phenetically distinct, contain major amounts of ~-2,6-diaminopimelic acid, and should be placed in the genus Streptomyces. The taxonomic position of strains such as N. coeliaca, N. lurida, N. rugosa, N. saturnea and Cellulomonas biazotea is still confused.
One of the advantages of numerical taxonomy is that the clusters which are defined have a high information content. Each cluster can be examined for discriminating features that can be weighted for identification. In the present study it was possible to construct a diagnostic table for the identification of the main clusters of nocardioform bacteria. In the case of the Nocardia asteroides and Mycobacterium rhodochrous clusters tables were devised for the identification of the subgroups. Several features are needed to define each cluster or subgroup, so that no one character is either sufficient or necessary to identify an isolate. The clusters are therefore operationally polythetic and can accommodate a degree of strain variability thereby reducing the chances of variants of a species being defined as new species. Classical tests such as acid-fastness, pigmentation and paraffin utilization were found not to have a high differentiating power, a result which emphasizes the danger of creating taxa on the basis of a few subjectively chosen characters. Alternatively some of the tests which had not been performed before did have a high diagnostic value. They include the utilization of some of the carbon compounds as sole sources of carbon and energy, and keratin and deoxyribonucleic acid hydrolysis. Although many of the carbon compounds did not support growth their failure to do so is open to several interpretations, such as complexing of the compounds in the medium or because the strains were sensitive to the toxic effects of the compounds at the concentrations used, or because the bacteria were unable to synthesize the enzymes necessary for metabolizing the compounds. It was noted that the results of some of the tests did not agree with those obtained by Tsukamura (1969) . Now that significant groups of nocardioform bacteria have been obtained the search for additional simple reproducible phenotypic characters which can be weighted for identification can be intensified.
In conclusion, it can be said that the results confirm that the earlier taxonomy of the nocardioform bacteria was illogical. They also show that most of the nocardioform bacteria fall into one or other of several large recognizable groups and it is hoped that additional isolates will be allocated to the correct group by using the relevant diagnostic table. It should be stressed, however, that the results of this study, which are useful and many, represent only a first step towards characterizing the phenotypes of nocardioform bacteria. Future studies can, for the first time, be carried out on strains which have a recognized taxonomic identity. The genus Nocardia canyno longer be considered a taxon of convenience. I thank Professor P. H. A. Sneath for his keen interest in and warm encouragement of this work. I am indebted to Mr M. Sackin for his invaluable help with the computation and also to the many scientists who generously contributed strains.
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